Paraneoplastic neurological disorders (PND) are neurological effects of malignancy that are recognized as immune-mediated disorders caused by aberrant expression of a tumor antigen that is normally expressed in the nervous system. We report a case of cerebellar ataxia which turned out to be paraneoplastic cerebellar degeneration, a subtype of PND that develops cerebellar symptoms, that was caused by follicular lymphoma. After chemotherapy, the patient attained sufficient improvement of cerebellar symptoms along with complete remission of lymphoma. Paraneoplastic cerebellar degeneration should be recognized as a rare complication of lymphoma as it is important to start proper treatment before the neurological symptoms become irreversible.
Introduction
Patients with malignant tumors occasionally suffer from neurological complications due to various causes: direct invasion of the tumor into the nervous system, infections, coagulopathy, or side effects of chemotherapy or irradiation. Paraneoplastic neurological disorders (PND) are rare neurological complications that cannot be explained by these readily identifiable causes. Along with the discovery of several onconeural antibodies, PND are currently recognized as immune-mediated disorders that are triggered by aberrant expression in the tumor of an antigen that is normally expressed only in the nervous system. It can affect any part of the nervous system, such as the brain, cranial nerves, retina, spinal cord, neuromuscular junctions, peripheral nerves or muscles.
Paraneoplastic cerebellar degeneration is a classic type of PND which demonstrates a range of cerebellar symptoms. It typically begins with gait ataxia and, over a few weeks or months, progresses to severe symmetrical truncal and limb ataxia with dysarthria and often nystagmus (1) . This pancerebellar dysfunction is attributed to an extensive loss of Purkinje neurons (2) , and whereas it initially does not show abnormal findings in radiological studies, it may advance to cerebellar atrophy in the later stages. This rare complication is mostly observed in patients with small cell lung cancer, gynecological and breast tumors and Hodgkin lymphoma (HL), and these malignancies were reported to comprise more than 90% of cases with paraneoplastic cerebellar degeneration in whom malignancies were proved (3). We report here a patient with subacute cerebellar ataxia which turned out to be paraneoplastic cerebellar degeneration caused by follicular lymphoma (FL). The neurological symptoms had progressed for 4 months until the diagnosis was made, and he was bed-ridden when CHOP-like chemo- A B therapy with rituximab was started. However, both his neurological symptoms and lymphoma responded well to immunochemotherapy, and he finally attained adequate improvement in neurological symptoms along with complete remission of lymphoma. To our knowledge, there is no previous report of paraneoplastic cerebellar degeneration associated with non-Hodgkin lymphoma (NHL) that almost completely resolved after anti-tumor therapy. Recent understanding of the pathogenesis of PND and its rare combination with NHL are discussed.
Case Report
A 55-year-old man with no previous disease history presented with progressive gait ataxia lasting for 3 months. He had a history of smoking 30 cigarettes /day for 20 years until he quit 15 years earlier. He had been an occasional drinker with no history of alcohol abuse. He was working as a tile craftsman but became unable to work because of his neurological symptoms. He visited a clinic 1 month after ataxia appeared. He was examined by brain magnetic resonance imaging (MRI), brain perfusion scintigraphy and cerebrospinal fluid examination, but no abnormal findings were observed. His ataxic gait gradually progressed, and he was referred to our hospital.
There were no specific physical findings other than cerebellar signs such as fixation nystagmus, dysarthria and limb ataxia with a wide-based gait. His muscle strength, sensation and deep tendon reflexes were intact on all extremities. According to the Scale for the Assessment and Rating of Ataxia (SARA) for the evaluation of cerebellar ataxia severity (4), his ataxic symptoms were scored as 30. His laboratory screening did not show any abnormal findings, and serological tests for HIV, HTLV-1, HBV, HCV, VDRL and auto-antibodies were also negative. Cerebrospinal fluid analysis revealed a leukocyte count of 7/mm 3 , 63 mg/dL glucose (normal range 40-80 mg/dL), 20.5 mg/dL total protein (normal range 15-45 mg/dL) and 1.9 mg/dL IgG (normal range 1.0-3.0 mg/dL), and was negative for neoplastic cells, bacteria, fungi or viruses in pathological and microbiological examinations. MRI of the brain suggested only mild cerebellar atrophy, and that of the cervical spine did not show abnormal findings. N-isopropyl-p-123 I-iodo amphetamine ( 123 I-IMP) single-photon emission computed tomography (SPECT) showed no reduction in cerebellar perfusion. Primary cerebellar diseases such as acute cerebellar ataxia or classical cerebellar degenerative disorders were considered unlikely due to the subacute progressive course over months and no specific findings on these imaging tests or cerebrospinal fluid analysis. His neurological symptoms were suspected to have occurred secondarily to other systemic conditions; therefore, paraneoplastic neurological syndrome was considered.
Cervical and inguinal lymph node swelling was noticed at that time, and a whole body computed tomography (CT) scan demonstrated systemic lymphadenopathy.
18 F-Fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) scanning revealed FDG uptake in these lymph nodes (Fig. 1A) , and malignant lymphoma was predominantly suspected. Tumor marker screening showed increased levels of soluble interleukin-2 receptor (sIL-2R) to 2,270 U/mL (normal range 145-519 U/mL) and prostate specific antigen (5, 6) . His neurological symptoms were assumed to be associated with FL, although there was no previous report of paraneoplastic cerebellar degeneration caused by FL. We carried out analysis for several known paraneoplastic antibodies in his serum but none of them were detected (Table 1). By that time he presented several new findings: pathological cells appeared in his peripheral blood and rapidly increased to 16.0% (2.7×10 9 /μL), and fever and dry cough developed along with C-reactive protein (CRP) elevation to 15.1 mg/dL (normal <0.2 mg/dL). Reexamination of the chest CT scan revealed diffuse small nodular and reticular shadows in the bilateral lung with multiple lymphadenopathy (Fig. 1B) . Cytological examination of the bronchoalveolar lavage fluid (BALF) showed 42% alveolar macrophages, 23% neutrophils, 3% eosinophils, and 21% lymphocytes, and flow cytometric analysis demonstrated that these lymphocytes were positive for CD19, CD20, Sm-IgM, Sm-κ, and HLA-DR, which were the same phenotypes as the malignant cells observed in the lymph node and bone marrow. On the other hand, microbiological examinations of BALF did not show any positive findings. According to these results, the lung lesion was diagnosed as a rapid invasion of lymphoma, and his fever and CRP elevation were also considered as accompanying symptoms.
He received CHOP-like chemotherapy (cyclophosphamide, doxorubicin, and prednisolone) combined with rituximab. Vincristine was omitted to avoid further deterioration of his neurological symptoms. After the first course of chemotherapy, pathological cells disappeared from his peripheral blood, and the CT scan showed disappearance of the lung lesion and a reduction in the size of the lymph nodes. Although he was bed-ridden when chemotherapy was started, his cerebellar ataxia showed gradual improvement with treatment, and after 3 courses of chemotherapy he could walk alone and was discharged from hospital (Fig. 2) . Chemotherapy was continued for 6 courses, and he achieved complete remission of lymphoma at the end of the treatment. His neurological symptoms almost completely disappeared with slight residual dysarthria, and were scored as 1 at SARA. Fifteen months after the completion of chemotherapy FL recurred in his cervical lymph nodes, but a second remission was achieved with rituximab monotherapy and recurrence of cerebellar ataxia was successfully avoided.
Discussion
PND are a rare complication of malignancy which occur in less than about 0.01% of patients with cancer (7). Classical neurological symptoms include those that affect the central nervous system (ex. encephalomyelitis, limbic encephalitis, subacute cerebellar degeneration, opsoclonusmyoclonus), those that affect the peripheral nervous system (ex. subacute sensory neuronopathy, autonomic neuropathies), and those that affect neuromuscular junctions and muscles (ex. myasthenia gravis, Lambert-Eaton myasthenic syndrome or dermatomyositis) (8) . PND often progress rapidly within several weeks to months and the patients become severely disabled and sometimes die. However, the tumors causing PND are often indolent and sometimes occult, and PND antedates the diagnosis of malignancy in almost 80% of cases. The tumors are histologically identical to those that develop in patients without PND, except that many tumors show evidence of immune infiltration (9) .
Paraneoplastic cerebellar degeneration is a subtype of PND, and classically a severe pancerebellar syndrome develops within 12 weeks with no evidence of cerebellar atrophy. The present patient met the diagnostic criteria for definite PND, a classical subacute cerebellar degeneration with a tumor that develops within five years of the diagnosis of the neurological disorder (8) . Improvement in neurological symptoms after chemotherapy also strongly supported the diagnosis of PND.
Although HL is one of the major malignancies that cause paraneoplastic cerebellar degeneration, there are only 8 cases of NHL, including the present case, that are reported to be associated with this neurological complication (10-16) ( Table 2 ). The neurological symptoms partially improved in 2, remained stable in 1 and deteriorated in 5 despite chemotherapy, and the present case is the only case that achieved almost complete resolution. Paraneoplastic cerebellar degeneration associated with HL is reported to show a male predominance with a younger age distribution compared to other solid tumors (3, 17, 18) , and this also seems to be the case with NHL. Paraneoplastic disorders documented in FL patients are almost exclusively cases of pemphigus vulgaris, and there are few reports on FL that is associated with other paraneoplastic complications. The present patient had an atypical clinical FL course in that diffuse lung involvement rapidly developed without evidence of histological transformation. Expression of an unusual surface adhesion molecule on lymphoma cells may have triggered the appearance of rare neurological complications in this patient.
It is currently considered that most or all PND are immune-mediated disorders (7, 19) . The mechanism is explained by the ectopic expression by a tumor of an antigen that is normally expressed exclusively in the nervous system. Several paraneoplastic antibodies are frequently associated with PND caused by specific tumors: anti-Hu in small cell lung cancer and prostate cancer, anti-CV2 in small cell lung cancer and thymoma, anti-amphiphysin and anti-Ri in breast and small cell lung cancers, anti-Yo in ovary and breast cancers, anti-MA1 in lung cancer, anti-MA2 in testicular cancer, and anti-Tr and anti-mGluR1 in HL. Among the reported NHL cases, the paraneoplastic antibody was identified in only 1 case of composite lymphoma. But as the antibody observed was anti-Tr, it may be more related to an HL component than to NHL, and it is not clear whether there are specific antibodies for PND associated with NHL. We examined the present patient's serum for anti-Tr, antiYo, anti-Hu, anti-Ri, anti-MA1, anti-MA2, anti-CV2, anti-mGluR1 and anti-amphiphysin antibodies, but they were all negative (Table 1) . Although various paraneoplastic antibodies have been found, less than 50% of patients with PND were proven to harbor these known onconeural antibodies (8) and the absence of these antibodies does not rule out the diagnosis of PND.
Paraneoplastic antibodies are classified into two groups according to their pathogenetic mechanisms: those that target intracellular antigens that probably cause neuronal damage by cytotoxic T cells, or those react directly with neuronal cell-surface antigens (20, 21) . The former antibodies include anti-Hu, anti CV2, anti-amphiphysin, anti-Ri, anti-Yo, and anti-MA2. PND associated with these antibodies are thought to be mediated by T-cell immune responses that are considered to be directed against the onconeural targets of the antibodies. The latter antibodies include those against voltage-gated potassium channels, N-methyl-D-aspartate (NMDA) receptor, metabotropic glutamate receptor type 1 (mGluR1) and P/Q type voltage-gated calcium channels. The T-cell mediated disease mechanisms of the former are difficult to treat with strategies directed at the humoral immune response. In contrast, the latter group shows a good response to immunotherapy, and the paraneoplastic antibody titers correlate well with neurological outcomes. Our case showed rapid improvement in neurological symptoms with chemotherapy and his disease may have been mediated by an antibody against neuronal surface antigen.
A relationship between onconeural antibodies and outcomes has also been reported. Survival was significantly better in the patients with anti-Tr (median >113 months) compared with those with anti-Yo (median 13 months) or anti-Hu (median 7 months), although anti-Tr is considered to be directed against intracellular antigens (3). Neurological disability is also reported to be less severe in those with anti-Tr and anti-mGluR1 than other types (3). In HL patients with anti-Tr and anti-mGluR1, disappearance of these antibodies from the serum is reported to predict clinical improvement (3, 18) .
For most cases of PND of the central nervous system, therapy is difficult and must be started early to prevent progressive neuronal death (1, 22) . The main treatment approach for PND is removal of the source of the antigen by treating the underlying tumor, and immunomodulatory therapies such as steroids, plasma exchange and intravenous immunoglobulin are also tried for refractory cases. If the disease is suspected to be mediated by T cells, immunosuppressive drugs such as tacrolimus or mycophenolate mofetil can be considered, but there is no adequate evidence that they improve the clinical course. Rituximab results in longlasting B-cell depletion, and is expected to reduce paraneoplastic antibodies. A clinical study of adding rituximab to the treatment of PND with anti-Hu or anti-Yo antibodies showed some improvement in a small number of patients (23), but it is not clear how much efficacy could be attributed to rituximab. In B-NHL cases, rituximab is included in the standard therapy, and it may be an advantage in the treatment of PND.
In NHL patients, many of the accompanying neurological complications are caused by compression or direct tumor invasion to the nervous system. However, PND including paraneoplastic cerebellar degeneration can rarely be a complication of NHL and the correct diagnosis is important for starting the appropriate treatment before the neurological symptoms become irreversible.
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